1. Introduction {#sec0005}
===============

Since December 2019, the outbreak of the 2019 novel coronavirus disease (COVID-19) infection has progressed to a pandemic in China, especially in Wuhan ([@bib0005]). At the beginning, a series of unknown viral pneumonia cases were found in Wuhan, the capital city of Hubei province, and spread rapidly throughout China and other countries, including Thailand, Republic of Korea, Japan, United States, Philippines, Viet Nam ([@bib0010]). Further investigation revealed a novel coronavirus, termed 2019-nCoV at first and subsequently SARS-CoV-2 ([@bib0015]), and COVID-19 was the term agreed internationally for the name of the acute respiratory disease syndrome caused by the pathogen ultimately. As of April 5, 2020, according to data released by the National Health Commission of China, the cumulative number of confirmed cases in mainland China has reached 81708, including 77078 cured cases, 3331 death cases, and 88 suspected cases ([@bib0020]). A recent study by Huang and colleagues ([@bib0025]) focused on the epidemiological, clinical characteristics, treatment and clinical outcomes of non-pregnant patients with laboratory-confirmed COVID-19. However, there are only some reports on pregnant women with COVID-19 infection at present ([@bib0030], [@bib0035], [@bib0040], [@bib0045]). In order to address the clinical features of pregnant women with confirmed COVID-19, we retrospectively reviewed clinical records, laboratory findings and chest CT scan of 10 pregnant women with laboratory-confirmed COVID-19 (tested positive on maternal throat swab), who were admitted to Maternal and Child Health Hospital of Hubei Province, Tongji Medical College, Huazhong University of Science and Technology, from January 23th to February23th, 2020.

2. Methods {#sec0010}
==========

2.1. Ethical approval {#sec0015}
---------------------

The study was reviewed and approved by the Ethics Committee of Maternal and Child Health Hospital of Hubei Province, Tongji Medical College, Huazhong University of Science and Technology (Record number 2020001). Written informed consent was obtained from enrolled patients.

2.2. Study design and patients {#sec0020}
------------------------------

We retrospectively reviewed the clinical features and outcomes of 10 pregnant women with laboratory-confirmed COVID-19 at Maternal and Child Health Hospital of Hubei Province, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China from January 23 to February 23, 2020. Diagnosis of COVID-19 was based on the New Coronavirus Pneumonia Prevention and Control Program (4th edition) published by the National Health Commission of China ([@bib0050]). By collecting throat swab samples of all ten pregnant women, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) were tested positive by use of quantitative RT-PCR (qRT-PCR) ([@bib0055]).

2.3. Introduction of our birth center during the COVID-19 out-breaking period {#sec0025}
-----------------------------------------------------------------------------

During the out-breaking of COVID-19, the hospitals were divided into designated hospitals for COVID-19 and other non-designated hospitals ([@bib0060]). Our birth center is a big center handling about 30,000 deliveries per year in the last three years. It belongs to a non-designated hospital, so non-COVID-19 pregnant women can delivery in our center. If the confirmed cases and suspected cases were in labor, they were allowed to deliver their babies in an isolation suite. After delivery, the confirmed cases were transferred to designated hospitals for further treatment and the suspected cases continued to be observed in our isolation suites. Additionally, if the cases were not timely diagnosed for COVID-19 on admission, they could be transferred to an isolation suite anytime for observation based on symptoms such as fever and/or cough, chest CT scan, and laboratory findings. The delivered babies were transferred to an isolation suite of NICU.

2.4. Collection of clinical data {#sec0030}
--------------------------------

We reviewed demographic data, time of onset of disease, clinical symptoms of fever, cough, fatigue and diarrhea, delivery methods, laboratory findings, and chest CT scans. The neonates' information including birth weight, clinical symptoms, Apgar score, and outcomes were collected. Maternal and neonatal throat swab samples were collected and sent to the local Chinese Center for Disease Control and Prevention (CDC) for detection of COVID-19 by qRT-PCR. Throat swab samples of all pregnant women were collected for nucleic acid detection of COVID-19. Of all 11 babies, five babies underwent a throat swab sample test for COVID-19 by qRT-PCR within 24 hours.

2.5. Statistical analysis {#sec0035}
-------------------------

Statistical analysis was carried out using SPSS, version 19.0. Continuous variables were directly expressed as a range. Categorical variables were expressed as number (n).

3. Results {#sec0040}
==========

All the 10 pregnant women were native people in Wuhan, who had a history of epidemiological exposure to COVID-19. The age of the pregnant women ranged from 29 to 35 years old. The gestational weeks of those patients ranged from 33 + 6 to 40 + 5 weeks on admission, and 4 babies were from 3 pregnant women (1 twin) were premature births (33 + 6, 34 + 6, 34 + 6 weeks). Of all cases, there were 4 cases of premature rupture of membranes(n = 4), 1 case of gestational diabetes(n = 1), 3 cases of preeclampsia(n = 3), 1 case of placental abruption(n = 1), 2 cases of fetal distress(n = 2), 1case of hypothyroidism(n = 1), and 1 case of anemia(n = 1). Patient 3 and 10 underwent vaginal delivery, patient 5 and 6 underwent intrapartum cesarean section for fetal distress, and the remaining six patients underwent elective cesarean section. ([Table 1](#tbl0005){ref-type="table"} ).Table 1The complication and delivery method of the ten patients with COVID-19Table 1**Patient 1Patient 2Patient 3Patient 4Patient 5Patient 6Patient 7Patient 8Patient 9Patient 10**n**complicationpremature**YesYesYes3PROMYes-Yes-YesYes\-\--4Placental abruptionYes\-\-\-\-\-\-\-\--1PreeclampsiaYes\-\-\--Yes\--Yes-3Fetal distress-Yes\--Yes\-\-\-\--2Twins\-\-\-\-\--Yes\-\--1Hypothyroidism\-\-\-\-\-\--Yes\--1Anemia\-\-\-\-\-\--Yes\--1GDM\-\-\-\-\-\-\-\--Yes1**Delivery methodVaginal birth**\--Yes\-\-\-\-\--Yes2**Elective CD**YesYes-Yes\--YesYesYes-8**Intrapartum CD**YesYes**Indications for surgery**Placental abruptionFetal distress-Previous CDFetal distressFetal distressTwinsPrevious CDPreeclampsia-

Among those cases, two patients presented fever which lasted from prenatal to postpartum, five patients presented with postpartum fever, only one patient had a high fever (body temperature \> 39.1 °C), and three confirmed COVID-19 patients had a normal body temperature during hospitalization. Other symptoms such as an upper respiratory tract infection were not clinically significant too, only one patient had an occasional cough and at the same time felt slight chest tightness. All of them were diagnosed mild COVID-19, and none of them developed severe COVID-19 with severe respiratory distress, or required mechanical ventilation, or died during the treatment period in designated hospitals or home quarantine period. All cases were followed up by telephone until reported fully recovered. During the observation period, no patients had myalgia, chill, sore throat, diarrhea or chest pain. ([Table 2](#tbl0010){ref-type="table"} )Table 2Clinical features of mothers with COVID-19 infectionTable 2**Patient 1Patient 2Patient 3Patient 4Patient 5Patient 6Patient 7Patient 8Patient 9Patient 10**n**Date of admission**11-Feb10-Feb8-Feb1-Feb26-Jan25-Jan5-Feb28-Jan26-Jan23-Jan**Age (years)**31293035293130293029**Gestational age on admission(w)**34 + 640 + 338 + 033 + 639 + 638 + 234 + 639 + 139 + 140 + 5**Epidemiological history**YesYesYesYesYesYesYesYesYesYes10**Date of delivery**11-Feb10-Feb9-Feb1-Feb27-Jan26-Jan6-Feb29-Jan26-Jan24-Jan**Signs and symptomsFever**YesNoNoYesYesYesNoYesYesYes7Prenatal fever (on admission)YesNoNoYesNoNoNoNoNoNo2Post-partum feverNoNoNoNoYesYesNoYesYesYes5**Maximum body temperature**Low grade fever (37.3 -38.0 °C)YesNoNoYesNoNoNoNoYesNo3Moderate grade fever (38.1 -39.0 °C)NoNoNoNoYesYesNoNoNoYes3High grade fever (\>39.1 °C)NoNoNoNoNoNoNoYesNoNo1**Fever duration**3 h\--12 h14d6 d-7 d2 d6 d**Cough**NoNoNoNoNoNoNoNoNoYes1**Chest tightness**NoNoNoNoNoNoNoNoNoYes1**Fatigue**NoNoNoNoNoNoNoNoNoYes1**Laboratory characteristicsLymphocyte count (× 10**^**9**^**) (admission)**2.331.821.331.121.152.191.351.271.46**0.97**1**Lymphopenia (\<1.0** **×** **10**^**9**^**) (after delivery)**1.76**0.780.65**1.12**0.63**2.361.89**0.540.680.98**6**White blood cell count (× 10**^**9**^**)**9.79.7510.475.911.518.659.359.236.628.12**CRP (mg/L)**3.728.375.611.9620.480.933.1274.619.567.5**ALT (U/L)**14.910.48.79.15.33.99.26.917.79.1**AST (U/L)**22.514.716.523.712.610.42112.628.216.9**Lactate dehydrogenase (U/L)**239.3192.0170.3195.0169.8153.0242.0195.5196.3150.9**D-dimer (ug/L)**4.772.162.001.051.310.936.481.941.310.99**Mixed infection with other pathogens**MycoplasmaMycoplasma1Mycoplasma\-\--MycoplasmaMycoplasma-Mycoplasma6

Data from laboratory tests showed that only one of ten patients had lymphopenia (\<1.0 × 10^9^/L) on admission. After delivery, six patients exhibited lymphopenia and six patients had slight elevated concentrations of C-reactive protein (\>4 mg/L). The concentrations of alanine aminotransferase (ALT) and aspartate aminotransferase (AST), lactate dehydrogenase, D-dimer and complement were normal during hospitalization in our hospital.

All of the ten patients showed lung abnormalities by chest CT images after delivery, six patients underwent CT scan before delivery on admission (one was normal, five were abnormal), and all patients underwent CT scan for postpartum fever after delivery. Four cases showed single lobe and six cases showed bilateral multilobe lesions. Two of them showed peripheral distribution, five of them showed random distribution and two showed diffuse distribution of pulmonary lesions. According to the image manifestation of those cases, there were six cases showing patch, two cases showing strip, four cases showing ground glass opacities (GGO), five cases showing pleural effusion and one cases showing pleural thickening. Five of ten patients showed pleural effusion simultaneously, one of whom only showed pleural effusion on admission.

All of the enrolled patients showed lung abnormalities by pulmonary CT images, six patients underwent CT before delivery and one of them was normal in CT result. All of the patients were reexamined by chest CT scan 3-4 days after the first CT examination during hospitalization period in our hospital

From the chest CT images, six cases showed aggravation, one case showed no change and three cases showed dissipation **(** [Table 3](#tbl0015){ref-type="table"} ).Table 3CT manifestations of ten COVID-19 patientsTable 3**Patient 1Patient 2Patient 3Patient 4Patient 5Patient 6Patient 7Patient 8Patient 9Patient 10**n**CT (admission)**abnormalabnormalabnormalabnormal\--abnormalnormal\--6**CT (after fever)**\-\-\--abnormalabnormal-abnormalabnormalabnormal5**Involvement of the lesions**Single lobe-YesYes\-\--Yes\--Yes4Bilateral multilobeYes\--YesYesYes-YesYes-6**Distribution of pulmonary lesions**Periphera\--Yes-Yes\-\-\-\--2RandomYesYes-Yes-Yes\-\--Yes5Diffuse\--Yes\-\-\-\--Yes-2**Image manifestation**Patch\--YesYesYesYes\--YesYes6StripYes\-\-\-\--Yes\-\--2GGO-Yes\-\-\--Yes-YesYes4Pleural effusionYes\-\--YesYes-YesYes-5Pleural thickening\-\--Yes\-\-\-\-\--1**Variation trend (after 3-4 days)**dissipateAggravateAggravatedissipatedissipateAggravatemaintainAggravateAggravateAggravate

Four newborns were premature, two of them had a birthweight lower than 2500 g. All eleven live births had a 1-min Apgar score of 8--9 and a 5-min Apgar score of 10 ([Table 4](#tbl0020){ref-type="table"} ). 5 newborns (including twins) underwent throat swab test for COVID-19 after birth and the results were negative. From birth to February 25, 2020, which was a 14-day period, no neonatal death or neonatal asphyxia was observed, and no one presented with fever, cough, or diarrhea.Table 4The neonatal reports of the ten COVID-19 patients after deliveryTable 4**Patient 1Patient 2Patient 3Patient 4Patient 5Patient 6Patient 7Patient 8Patient 9Patient 10Gestational age**34 + 640 + 338 + 133 + 640 + 038 + 335 + 039 + 239 + 140 + 6Birthweight (g)2650325031802050340029002310/2510375038003235Apgar score (1, 5 min)8,109,108,108,109,109,108,109,109,109,10amniotic fluidclearturbidityclearclearturbidityclearclearclearclearclearPrematureYesNoNoYesNoNoYesNoNoNoneonatal asphyxiaNoNoNoNoNoNoNoNoNoNoNeonatal deathNoNoNoNoNoNoNoNoNoNoNeonatal confirmatory test (COVID-19 qRT-PCR)negative\--negativenegative-negative\-\--follow up after 14 days of birthnormalnormalnormalnormalnormalnormalnormalnormalnormalnormal

3.1. The chest CT images {#sec0045}
------------------------

([Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}, [Fig. 3](#fig0015){ref-type="fig"}, [Fig. 4](#fig0020){ref-type="fig"}, [Fig. 5](#fig0025){ref-type="fig"}, [Fig. 6](#fig0030){ref-type="fig"}, [Fig. 7](#fig0035){ref-type="fig"}, [Fig. 8](#fig0040){ref-type="fig"}, [Fig. 9](#fig0045){ref-type="fig"}, [Fig. 10](#fig0050){ref-type="fig"} )Fig. 1Chest CT images, showing bilateral lower lung cord from patient 1.Fig. 1Fig. 2Chest CT images, showing ground-glass nodule on the right upper lobe from patient 2.Fig. 2Fig. 3Chest CT images, showing spotted slightly denser shadows scattered on the right lower lobe from patient 3.Fig. 3Fig. 4Chest CT images, showing patchy shadows of bilateral lungs, thickened dorsal pleura from patient 4.Fig. 4Fig. 5Chest CT images, showing a little patchy shadow on the dorsal side of bilateral lower lungs and a little pleural effusion from patient 5.Fig. 5Fig. 6Chest CT images, showing a few patchy shadows on bilateral lungs and a small amount of pleural effusion on both sides from patient 6.Fig. 6Fig. 7Chest CT images, showing ground-glass density nodules on the left from patient 7.Fig. 7Fig. 8Chest CT images, showing patches near the pleura, bilateral pleural effusion from patient 8.Fig. 8Fig. 9Chest CT images, showing ground glass and patch shadows scattered on the bilateral lungs, especially obvious on the right, the bronchi dilation in the right lobe, a little pleural effusion on both sides from patient 9.Fig. 9Fig. 10Chest CT images, showing patchy ground glass shadow of the left upper lobe with high density of some lesions from patient 10.Fig. 10

4. Discussion {#sec0050}
=============

Coronaviruses (CoVs) are spherical, enveloped non-segmented positive-strand RNA viruses. As of December 2019, seven coronavirus species have produced human infection ([@bib0025], [@bib0065], [@bib0070]), including HCoV-229E, HCoV-NL63, HCoV-OC43, HCoV-HKU1, MERS-CoV, SARS-CoV and SARS-CoV-2. The pandemic of SARS, MERS and COVID-19 demonstrate that coronaviruses are a significant public health threat causing significant loss of lives ([@bib0075], [@bib0080]). When the SARS-CoV and MERS-CoV infected pregnant women, poor obstetric outcomes can be resulted, including maternal morbidity and death ([@bib0085], [@bib0090], [@bib0095], [@bib0100]), but there is limited experience with coronavirus infections during pregnancy, and it now appears certain that pregnant women have become infected during the present COVID-19 epidemic ([@bib0085]). The COVID-19 has at least 70% similarity in genetic sequence to SARS-CoV ([@bib0105]). However, the effect of COVID-19 on pregnant women remains unknown at present. Due to the normal maternal physiologic changes and immune suppression during the pregnant period, these women are particularly susceptible to respiratory pathogens. During the Asian flu epidemic in 1957--1958, 10% of mortality occurred in pregnant women, and the fatality rate of pregnant women was twice as high as that of infected women who were non-pregnant ([@bib0110]). A case-control study ([@bib0090]) on the effect of SARS among pregnant women and non-pregnant women revealed that maternal mortality rate, renal failure, disseminated intravascular coagulopathy (DIC), the intensive care unit (ICU) admission rate were higher in pregnant SARS patients. Huang C et al ([@bib0025]) reported that the COVID-19 infection of non-pregnant people caused clusters of severe respiratory illness similar to SARS, of which common symptoms were fever (98%), cough (76%), and myalgia or fatigue (44%), less common symptoms were sputum production (28%), headache (8%), haemoptysis (5%), and diarrhoea (3%), and the complications were acute respiratory distress syndrome (29%), RNA anaemia (15%), acute cardiac injury (12%) and secondary infection (10%). However, in our study, none of the ten pregnant women developed or died of severe COVID-19 pneumonia but only showed similar clinical symptoms to non-pregnant adult patients such as fever and cough, whereas others common symptoms such as myalgia, sore throat and dyspnea were not observed. This is probably due to the fact our hospital is not a designated hospital for COVID-19 and lacks serious patients with typical symptoms, only a small number of cases were enrolled in our observation and the patients' length of stay was short. Therefore, we should also be alert to the possibility that the disease course and prognosis of COVID-19 could follow the same trend as SARS in pregnant women.

In our study, ten pregnant women were tested positive for COVID-19, while only one patient had lymphopenia on admission, and six cases exhibited lymphopenia after delivery. Three cases did not have any discomfort. In contrast, all patients showed lung abnormalities in chest CT images. However, among them five patients showed pleural effusion, which was different from the typical images like patch, strip, or GGO ([@bib0050]). The produce of pleural effusion probably due to postpartum physiological changes in pregnant women. Therefore, non-specific manifestations such as pleural effusion should also be attached with great attention in diagnosis of COVID-19 infection if there is postpartum fever. In Wuhan where the incidence of COVID-19 is exceptionally high, it is necessary to do pulmonary CT screening on admission, which will help to detect asymptomatic infection and latent period patients, thus reducing the transmission of virus between people and nosocomial infection.

Chen H et al ([@bib0030]) observed that all nine pregnant women underwent cesarean delivery (CD), and the indications for CD were severe pre-eclampsia, a history of CD and fetal distress. In our study, two patients underwent vaginal delivery successfully, two patients underwent intrapartum CD for fetal distress, and the remaining six pregnant women underwent selected CD directly for previous CD history, pre-eclampsia, placenta abruption, twins pregnancy. Although COVID-19 infection is not one of the indications for CD, given the uncertainties of a novel disease, we may be more inclined to choose CD.

Previous studies ([@bib0090], [@bib0095]) have shown that pregnant women with SARS is associated with a high incidence of adverse neonatal complications, such as spontaneous miscarriage, preterm delivery, intrauterine growth restriction. Zhu et al ([@bib0035]) studied 9 new babies delivered by COVID-19-confirmed women and found 6 were born premature, 2 were small-for-gestational infants and 1 was large-for-gestational infant and 6 had a pediatric critical illness score less than 90, which indicates that perinatal COVID-19 infection may have adverse effects on newborns. But in our study, only four babies were treated for premature delivery and the other seven babies were observed in an isolated NICU suite. Moreover, we followed up the eleven newborns and found that they did not exhibit respiratory distress, fever, feeding intolerance, vomiting or death up to the present time. The difference of results reported here from other publications may be simply due to the small number or other relative risk factors. Although all ten pregnant women tested COVID-19 positive, 5 of these newborns tested negative. This result is consistent with the latest research ([@bib0030], [@bib0035]) and past studies of SARS ([@bib0090], [@bib0100]). These data do not support the possibility of vertical transmission of CoVs infection but the small sample size suggests caution in making this assumption.

5. Limitation {#sec0055}
=============

There are several limitations in our study. First, the sample size was small, collected from non-designated hospital of COVID-19. Second, we did not take throat swab samples from the two newborns delivered vaginally to exclude the possibility of spreading COVID-19 via vaginal delivery. It should be noted also that the diagnosis of COVID-19 in puerpera were 2 days after natural delivery. Third, the samples such as placenta, amniotic fluid and cord blood were not collected for COVID-19 test.

6. Conclusion {#sec0060}
=============

During the outbreak period of COVID-19 in Wuhan, a series of cases of COVID-19 were reported in pregnant women at non-designated hospitals. They were reported here as having mild symptoms or no symptom. Therefore, it is important to undertake chest CT to detect asymptomatic during latent period so as to reduce the transmission of COVID-19 infection among pregnant women. Also COVID-19 infection is not necessarily an indication for CD.

7. Declarations {#sec0065}
===============
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